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754 The Journal of Thoracic and CardioObjectives: We analyze the effect of surgical case volume on the survival of infants
with hypoplastic left heart syndrome who underwent stage I surgical palliation (the
Norwood procedure). The purpose of our study was to understand more clearly the
relative effects of institution and surgeon experience on patient outcome.
Methods: Using the Pediatric Health Information System database belonging to the
pediatric hospital members of the Child Health Corporation of America, we iden-
tified newborn infants (30 days old on admission) from 1998 through 2001
admitted with the diagnosis of hypoplastic left heart syndrome. Stepwise multiple
regression analysis was used to examine the association between both institutional
and surgeon case volume with 28-day survival after the Norwood procedure.
Results: Twenty-nine hospitals and 87 surgeons performed 801 Norwood proce-
dures during the study period. In the 4 of 29 institutions that averaged 1 or more
Norwood procedures per month during the study period, survival averaged 78%.
The remaining 25 institutions averaged 1 Norwood procedure every 9.6 weeks, with
a survival of 59%. Data analysis revealed that higher institutional volume (P  .02)
but not the number of cases performed by surgeons (P  .13) increased survival
after the Norwood procedure. There was no such association with average length of
stay in survivors or the time to mortality in nonsurvivors.
Conclusion: Survival after the Norwood procedure is associated with institutional
Norwood procedure volume but not with individual surgeon case volume, suggest-
ing the need for improvements in institutional-based approaches to the care of
children with hypoplastic left heart syndrome and the need for establishing regional
referral centers for such high-risk procedures to improve patient survival.
Despite dramatic improvements in both cardiac transplantation andstaged reconstructive approach, the perioperative mortality andmorbidity associated with the stage I palliation (Norwood proce-dure) of hypoplastic left heart syndrome (HLHS) remains high.1Although attempts have been made to improve the outcome ofstage I reconstruction through improved patient selection and
postoperative care on the basis of anatomic and physiologic factors,2-9 no one set of
characteristics has been consistently predictive of better outcomes, and all such
reports have been uncontrolled case series from which contributing factors cannot
be discerned. Rather, these improved outcomes have been largely reflective of the
commitment and efforts of individual centers and their surgeons, anesthesiologists,
intensivists, nurses, and other key personnel.
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DEvidence is accumulating in many areas of health care
that higher case volume at a given institution usually con-
fers improved outcomes.10 This has been specifically exam-
ined in pediatric cardiac surgery.11-13 Furthermore, the com-
plexity of the Norwood operation has led to the suggestion
that surgeons develop a learning curve. At the institutional
level, programs have been developed to standardize the
preoperative and postoperative care of these patients. The
TABLE 1. Institutional characteristics
Institution
No. of
Norwood
procedures
performed
Proportion of
Norwood
survival
No. of
surgeons
performing
the
Norwood
procedure
Low volume (16
cases)
1 2 50% 1
2 4 25% 2
3 4 25% 1
4 7 57% 1
5 11 36% 2
6 11 100% 5
7 12 83% 2
8 13 38% 3
9 15 40% 2
Average 8.8 48% 2.1
Medium volume (16-
30 cases)
10 16 31% 1
11 16 56% 1
12 18 82% 4
13 20 70% 2
14 20 90% 1
15 21 43% 2
16 21 76% 2
17 24 37% 5
18 25 68% 2
19 26 65% 4
Average 20.7 62% 2.4
Higher volume (30
cases)
20 31 61% 2
21 31 55% 5
22 34 68% 4
23 38 71% 3
24 38 71% 2
25 42 69% 6
26 53 77% 2
27 63 92% 3
28 76 72% 6
29 109 73% 5
Average 51.5 71% 3.8relative importance of each of these gained experiences
The Journal of Thoraciremains undefined. The purpose of our study is to more
clearly define the relative effect of institutional versus sur-
geon experience on the procedure outcome. Our hypothesis
is that both institutional volume and surgeon experience
play an important role in improved outcome after the Nor-
wood procedure.
Methods
Data Source
This study used data from a large, multi-institutional administra-
tive database, the Pediatric Health Information System (PHIS).
The PHIS database is maintained by the pediatric hospital mem-
bers of the Child Health Corporation of America (CHCA). CHCA
is a business alliance of America’s leading children’s hospitals that
provides a range of products and services designed to reduce cost,
increase revenue, and enhance the competitive position of chil-
dren’s hospitals. This database contains member-specific standard-
ized data on demographics, diagnoses, procedures, interventions,
and outcomes for all pediatric patients admitted to each participat-
ing pediatric institution. For the analysis, we used the data from
January 1, 1998, to December 31, 2001.
Case Selection
By using this database, the base population was defined as all
patients with a principal diagnosis of HLHS (International Classi-
fication of Disease–ninth revision [ICD-9] diagnosis code 746.7)
and age on admission of 30 days or less who were discharged from
1998 through 2001. The second stratification was determined by
the existence of a Norwood procedure. There is not a specific
ICD-9 or Current Procedural Terminology procedure code that
indicates a Norwood procedure, and therefore the systemic-to-
pulmonary arterial shunt (ICD-9 procedure code 39.0) in a patient
with the principal diagnosis of HLHS was used as an indication
that a Norwood procedure was performed. Other data fields in-
cluded in the analysis were admission, discharge, and procedure
dates; length of stay; final disposition; mortality; non-Norwood
medical-surgical procedures; unique surgeons per institution; and
Figure 1. Survival ( SD) versus institutional volume. Filled bar,
Low-volume institutions; open bar, medium-volume institutions;
hatched bar, higher-volume institutions (P  .08).medication use.
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DFigure 2. A, Mortality versus institutional volume. Open bars, Individual institutional volumes; solid line, individual
institutional risk-unadjusted mortality; dashed line, mortality trend (P .02). B, Mortality versus individual surgeon
volume. Open bars, Individual surgeon volumes; solid line, individual surgeon risk-unadjusted mortality; dashed
line, mortality trend (P  .13).
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DData Analysis
We conducted descriptive statistics to summarize the data. Step-
wise multiple regression analysis was used to determine whether
there was an association between the predictor variables: the
institutional case volume, the number of cases performed by each
surgeon, and the rate of risk-unadjusted mortality. All analyses
were conducted with the use of the statistical software SAS version
10 (SAS Institute, Inc, Cary, NC).
Results
From January 1, 1998, to December 31, 2001, a total of
1105 children were given a diagnosis of HLHS, 801 of
whom underwent surgical palliation with the Norwood pro-
cedure, 39 of whom underwent transplantation, and 265 of
whom did not undergo an intervention. Twenty-nine hospi-
tals within CHCA’s pediatric institutions performed at least
1 Norwood procedure (range, 2-109 per institution). The
total number of Norwood procedures performed at each
institution is listed in Table 1. The overall rate for survival
to hospital discharge of infants undergoing the Norwood
procedure was 68% (546/801).
To account for yearly fluctuations in patient volume, we
categorized institutions on the basis of their total 4-year
Norwood procedure volume: low, fewer than 16 total pro-
cedures; medium, 16 to 30 total procedures; and higher,
greater than 30 total procedures. There were 9 hospitals in
the low-volume category and 10 in the medium- and higher-
volume categories (Figure 1).
Survival ranged from 25% to 100% within the group of
institutions. When examined as a categorical variable, the
differences between low-, medium-, and higher-volume in-
stitutions were not significantly different. However, when
examined as a continuous variable, survival after the Nor-
wood procedure increased as the number of procedures
performed by the institution increased (Figure 2). In the 4 of
29 institutions that averaged 1 or more Norwood procedure
per month during the study period, survival averaged 78%.
The remaining 25 institutions averaged 1 Norwood proce-
dure every 9.6 weeks, with a survival of 59%.
A total of 87 surgeons performed at least 1 Norwood
procedure during the 4-year study period. The number of
surgeons performing the Norwood procedure ranged
from 1 to 6 per institution (Table 1). The average number
of Norwood procedures performed per surgeon was 10.7
 14 over the 4-year period. This equated to 1 Norwood
procedure every 19.4 weeks on average. There were 30
surgeons who performed 4 or fewer Norwood procedures
during the study period, averaging to 1 or fewer proce-
dures per year. The average survival after procedures
performed by this group of surgeons was 49% (median,
50%). This survival was not significantly different from
that after procedures performed by higher-volume sur-
geons (4 Norwood procedures during the study period):
69%  19% (median, 29%). Only 2 of 87 surgeons
The Journal of Thoraciaveraged 1 or more Norwood procedures per month.
Procedures by these 2 surgeons resulted in survivals of
75% and 92%, respectively.
Results from the stepwise linear regression analysis re-
vealed that lower risk-unadjusted mortality after the Nor-
wood procedure was associated with higher institutional
volume (r2  0.18, P  .02) but not between the number of
procedures done by a surgeon and mortality (P  .312).
However, neither the institutional nor surgeon volume was
associated with average length of stay in survivors or the
time to mortality in nonsurvivors (Table 2). Survival after
the Norwood procedure increased 4% (95% confidence in-
terval, 1%-7%) for every 10 additional procedures per-
formed over the 4-year study period per institution.
Discussion
It has been reported that increased experience with the
complexities of the Norwood procedure yields improved
outcomes.8 The importance of institution versus surgeon
experience has not been examined. The purpose of this
study was to examine the relationship between the mortality
rate for surgical palliation of HLHS and the hospital and
surgeon volumes from 1998 through 2001. Our study dem-
onstrates a greater association between risk-unadjusted sur-
vival and the institutional surgical volume of Norwood
procedures rather than the volume performed by individual
surgeons.
Our findings agree with the results of previous studies
examining the volume-outcome relationship in adult cardiac
surgery. This has also been demonstrated in pediatric car-
diac surgery.11,14 These reports, however, examined a broad
range of congenital lesions and surgical procedures. A re-
cent Institute of Medicine workshop15 reviewed 88 articles
evaluating the relationship for 8 conditions and found that
79% of the studies demonstrated a positive effect of higher
volume on outcome. Additional reports have confirmed that
mortality was significantly reduced for 14 types of cardio-
vascular procedures at institutions performing a higher
TABLE 2. Average length of stay of survivors, average time
to death in nonsurvivors, and mean time to death in non-
survivors by institutional category
Institution
Average length of
stay of survivors
( SD)
Average time
to death in
nonsurvivors
( SD)
Median time to
death in
nonsurvivors
(range)
Low volume 36.5 32.4 19.6 33.2 19.2 (1-104)
Medium volume 28.7 8.4 12.2 9.7 5.4 (1-13)
Higher volume 29.4 5.7 20.2 9.6 7.8 (1-27)
All values, P  not significant.number of each procedure.10
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ment in outcome has been previously demonstrated. Re-
cently, we reported a significant improvement in survival
after the Norwood procedure after the implementation of a
preoperative and postoperative care plan involving an insti-
tutional commitment to change.9 The effect of institutional
approaches to care has been demonstrated by others as well.
Tweddell and colleagues2 reported a 93% survival after the
Norwood procedure with the development and maintenance
of a postoperative care pathway.
Individual surgeon experience has also been evaluated
and has suggested an association between individual sur-
geon case volumes and outcome.12,16 In an editorial,
Mavroudis and Jacobs17 appropriately state that although
a general trend of higher-volume surgeons having im-
proved outcomes might exist, many lower-volume sur-
geons and centers have excellent results. Although the
statistical separation between the volume effects is small
(Figure 2), this furthers supports the conclusion that the
presence of surgeon experience is necessary but insuffi-
cient to account for improved outcome after this partic-
ular procedure.
Another important conclusion to be drawn from our data
is that the Norwood procedure is a rare procedure, even in
the highest-volume centers. Only 2 surgeons and 4 institu-
tions performed more than 1 Norwood procedure per month
when averaged over the 4-year study period. This might, in
fact, explain our lack of determining an effect of case
volume per surgeon; that is, perhaps there was inadequate
volume difference seen between surgeons in this analysis to
enable detection of such an effect. This suggests that pro-
grams and processes that are not only implemented but also
sustained through constant re-education are necessary for
success. Other authors have examined the role of regional-
ization of pediatric cardiac surgery.13 Our data suggest that
such a strategy for this individual, high-risk procedure
might improve outcome.
Our study was limited in that it did not include all
pediatric surgical programs. Additionally, we lacked spe-
cific data on institutional approaches to the care of these
patients. The PHIS database assigns a severity score to each
patient and did not analyze any individual patient-level
variables; therefore we were unable to quantify the effect of
severity of individual cases or the role of comorbid condi-
tions. Additionally, we were unable to account for nonin-
tervention, transfer to another institution, and preoperative
mortality in this type of analysis. Finally, a surrogate marker
(ICD-9 code) for the Norwood procedure was used as
inclusion criteria. Although the PHIS database is a financial
database and suffers the potential inaccuracies of such a
database, it provides one of the most complete samples of
pediatric populations.
758 The Journal of Thoracic and Cardiovascular Surgery ● ApriThese results could lead to the expansion of the data
set to include specific information from all institutions
that perform the Norwood procedure. Additionally, these
data suggest that there would be utility in formulating a
multicenter examination of the success of standardized
care pathways. Finally, the effect of newer surgical mod-
ifications, such as the Sano modification (right ventricle
to pulmonary artery conduit),18 remains an unanswered
question.
In conclusion, we demonstrate an association between
risk-unadjusted survival after the Norwood procedure and
institutional experience but not with individual surgeon case
volume. These results emphasize the importance of im-
provements in institutional-based approaches to the care of
children after the Norwood procedure.
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